a return of diastolic flow in growth-restricted fetuses with absent/reversed end diastolic flow in the umbilical artery (8, 9) .
In addition to the effects of glucocorticoids on the lung maturity, many extra-pulmonary functions have been attributed to these steroids. It has been known that the prenatal glucocorticoid administration to mother or fetus induces fetal vasoconstriction (10, 11) , and it may cause increased peripheral vascular resistance and hypertension (11, 12) . Some other studies also report the increase of fetal cerebral flow after corticosteroid administration (13) . The two routinely-administered glucocorticoids to pregnant women, which are not known to bind to plasma proteins, are betamethasone and dexamethasone. Their concentrations in the fetus plasma are relatively high given their minimal metabolism by the placenta during 2-3 hours after administration (14) . Particularly, the fetal brain is known to be susceptible to the high concentration of glucocorticoid, and it can increase fetal brain vascular resistance, leading to a decrease in cerebral blood flow (15) . In addition, there are reports on the reduction of neuronal cell number in the fetal brain after in utero exposure of primates to corticosteroids (16) .
A study by Niroomanesh et al indicated that all of 40 fetuses, exposed to betamethasone, had a decreased umbilical artery pulsatility index (PI) and improvement in fetal perfusion (17) . On the contrary, Deren et al reported no change in the umbilical and middle cerebral artery (MCA) perfusion after betamethasone administration to mother (18) . The purpose of this review was to provide an overview of the reported effects of corticosteroids on fetal circulation.
Methods and Materials
The following databases were searched for articles related to "evaluating the effect of corticosteroids on fetal circulation" from 1990 to Thus articles either in Persian or English which were published from 1990 until June 2017 and were related to "evaluating the effect of corticosteroids (betamethasone or dexamethasone) on fetal circulation" were included in our review. Articles in other languages, those with poor quality, organization reports, and letters to editors, as well as conference abstracts and theses were excluded from the review.
Data Extraction and Quality Assessment
We evaluated all of the relevant articles retrieved by keywords' search, and excluded incompatible or irrelevant articles. The selected articles were evaluated for potential risk of bias by two different reviewers and controversies were referred to a third reviewer. The extracted data were summarized in the extraction forms, as follows: first authors' name, date of publication, country in which study had been done, design of study, type of drug, gestational age, fetal circulation before corticosteroid injection, umbilical artery PI after corticosteroid injection, MCA PI after corticosteroid injection, Ductus venosus PI after corticosteroid injection, and uterine artery PI.
The Search Result and Study Characteristics
The search in the above-mentioned databases resulted in the retrieval of 678 articles, from which 294 were duplicates. Following precise evaluation of the articles and removal of non-full-text abstracts, the number of papers reduced to 29 papers. Furthermore, 10 studies were excluded due to lack of access to the full text. Therefore, the articles included in this systematic review were 19 fulltext articles. A flow chart of literature retrieval is shown in Figure 1 .
Participant Characteristics
In total, 654 pregnant women were evaluated for fetal circulation (umbilical artery PI, and MCA PI) before and after betamethasone or dexamethasone injection. The effects of steroids were evaluated between 23 and 34 weeks of gestation.
Statistical Analysis
Heterogeneity was determined using the Cochran's Q test and I
2
. A significance level of P < 0.10 for Cochran's Q test, or I 2 > 50% was considered as a clinically important heterogeneity (19) . Publication bias was assessed graphically using a funnel plot and mathematically using an adjusted rank correlation test, according to Begg and Mazumdar rank correlation and Egger test. The number of fetuses with reduced biophysical profile test, by betamethasone or dexamethasone injection, was used to obtain the event rate.
Results
The random effects model was used to identify the statistical heterogeneity ( Table 1 ). The forest plot is shown in Figure 2 . The heterogeneity results indicated the total umbilical artery PI (0.09%, 95% CI = 0.02 to 0.35, P = 0.001), total MCA PI (0.09%, 95% CI = 0.026 to 0.35, P = 0.001), the umbilical artery PI in the group with normal circulation before steroid injection (0.06%, 95% CI = 0.01 to 0.040, P = 0.003), and MCA PI in the group with normal circulation before steroid injection (0.06%, 95% CI = 0.01 to 0.40, P = 0.003) ( Tables 2 amd 3) .
The meta-analysis of the results of corticosteroid effects on umbilical artery PI is demonstrated in Figure 2 .
The meta-analysis of results of corticosteroid effects on MCA PI was demonstrated in Figure 3 .
Discussion
Serious side effects have not been reported for fetal in utero exposure to corticosteroids; however, there are data about the effects of steroids on fetal behavior and circulation. In the present review, we aimed to systematically evaluate the effect of maternal corticosteroid administration on the alterations of fetal circulation. Our systematic review showed that after fetal exposure to corticosteroids, umbilical artery PI and MCA PI decrease and that in pregnancies receiving corticosteroids, there is improvement in fetal circulation. Administration of betamethasone (synthetic glucocorticoid) to the mother at risk of preterm delivery would lead to transient return of end diastolic flow in the umbilical artery (20) , and similar changes in other fetal vascular beds (21) . These changes indicate that betamethasone has potentially important cardiovascular effects (20) . In human fetuses, antenatal administration of betamethasone in the fetuses with absent end diastolic flow in the umbilical artery results in a transient return of end-diastolic flow in about two thirds of pregnancies (9) . Decrease in the MCA PI following the return of end- diastolic flow in the umbilical artery suggests widespread vasodilatation (21) . The vascular function is regulated by glucocorticoids, and fetal cardiovascular parameters which could be altered by synthetic glucocorticoids, such as betamethasone (15) . Studies have shown that changes in blood flow due to post-steroid injection are transient effects (9, 22) . The lack of significant prolongation in pregnancies with improvement in circulation supports this idea that these changes in fetal circulation do not alter pregnancy outcome, and do not lead to the improvement in fetal condition (9) . Several mechanisms have been suggested for vasodilatory effects of corticosteroids on fetal circulation. One mechanism is the up-regulation and increased secretion of placental corticotropin-releasing-hormone, which is mediated by nitric oxide (13, 22) .
Decreased MCA PI, following corticosteroid administration, shows a redistribution of blood to the fetal cerebral circulation (13, (21) (22) (23) . There are glucocorticoid receptors in the fetal brain, and a number of corticosteroid receptors in brainstem nuclei, which are known to control fetal sleep and activity (24) . The effect of corticosteroid on fetal blood pressure may be another mechanism for alteration of fetal cerebral flow (10) . Since corticosteroid exposure alters cardiotocogram patterns and biophysical profile parameters, Doppler study is the only reliable tool for the diagnosis of fetal compromise in pregnancies receiving antenatal corticosteroids (22, 25, 26) .
Niroomanesh et al reported that in all of the 40 fetuses, exposure to betamethasone decreased umbilical artery PI and led to the improvement in fetal perfusion (17) . On the contrary, Deren et al reported no change in umbilical and MCA perfusion after maternal betamethasone administration (18) . Researchers have indicated that betamethasone and dexamethasone have no effect on Doppler indices in umbilical arteries, descending aorta and MCA, in growth-restricted fetuses (27) . Evaluation of the effects of dexamethasone administration on fetal Doppler flow velocity demonstrated that there was no significant changes in umbilical artery PI and MCA PI (26) . It was reported that the administration of betamethasone to mother with absent end diastolic flow in the umbilical artery leads to the transient return of end diastolic flow (28) . Results of a study on 25 median age (19-42) women indicated that antenatal betamethasone administration decreases fetal movement, fetal biophysical profile, and umbilical artery indices while they are unable to show any effects on MCA Doppler indices (29) . Administration of six weekly doses of dexamethasone (4 mg, IV injection) had no effects on the umbilical artery PI and MCA PI during days 2 and 7, and only , a significant decrease in MCA PI was reported on day 4 (25) . Administration of two consecutive doses of betamethasone in 35 singleton pregnancies demonstrated that administration of the steroid did not affect Doppler indices including MCA and umbilical artery PIs, but transiently decreased biophysical profile scores (18) . In another study, it was reported that the antenatal administration of betamethasone in pregnancies complicated by AEDF in the umbilical artery induced the return of end-diastolic flow in the umbilical artery as early as 4 hours (21) . Antenatal corticosteroid therapy with betamethasone or dexamethasone leads to the return of positive end diastolic flow in the pregnancies with absent/reversed end diastolic flow in the umbilical arteries; however, there was no significant change in the umbilical artery PI, while there was an overall drop in MCA PI (13) . In addition, it was reported that betamethasone therapy had no significant effect on the umbilical artery PI, while it significantly decreased MCA PI 48 hours after last administration of betamethasone.
Then it returned to the pretreatment values, 96 hours after injection (22) . Similar results have been reported on the effects of dexamethasone (23) .
Conclusions
The results of our systematic showed that antenatal corticosteroid therapy reduces the umbilical artery PI and MCA PI. Our results also indicated that while corticosteroid therapy may improve fetal circulation transiently, it does not alter fetal outcome.
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